Four experiments were conducted to evaluate the effect of diet and the administration of H 2 -antagonists in feed on gastric ulcer formation and performance of growing-finishing swine. Pigs receiving a finely ground diet (< lmm) grew faster (.73 vs .68 kg/d, P<.01) and had better feed utilization (3.47 vs 3.76, P<.01) than pigs receiving a cracked corn-based diet. Incidence of ulcers in the esophageal region of the stomach of pigs fed the finely ground diet was greater (P<.01) than in pigs fed cracked corn. The average daily gain of pigs receiving the finely ground diet was inversely related to ulcer incidence (r = .403, P<.01, df = 59). The addition of 5, 10, 20 or 100 ppm of the H2-antagonist , metiamide, or 6, 18 or 54 ppm of SK&F 93479 to the finely ground diet did not improve pig performance or affect the incidence of gastric ulceration. The addition of 2, 6 and 18 ppm of SK&F 93479 to a corn-soy diet containing 4.5% alfalfa meal caused a reduction in gastric ulceration (P<.05) and improved feed utilization by 3.2% (P<.05). These data suggest that finely ground diets improve the performance of growing-finishing swine, but increase the incidence of ulcers in the esophageal region of the stomach. Severe gastric ulceration adversely affects swine performance. Feeding H 2-antagonists does not reduce the ulcerogenic properties of finely ground diets, suggesting factors other than gastric acid secretion are involved in ulcerogenesis. The use of H 2 -antagonists in corn-soy diets improves feed utilization and reduces ulceration.
Introduction
Ulceration of the esophageal region of the stomach is a common, widespread condition in swine (Muggenburg et al., 1964) . Perry et al. (1963) and O'Brien (1969) reported stomach abnormalities in 30 to 50% of pigs examined at slaughter. Incidences ranging from 0 to 100% were noted by Fuller and Boenker (1968) . Increased occurrence of ulcers in swine has been attributed to various dietary and environmental stresses (Kowalczyk, 1969) . Maxwell et al. (1970) suggested that the increased incidence of esophagogastric ulcers observed when feeding finely ground corn is caused by increased acidity and pepsin concentrations in the esophageal region of the stomach.
Histamine receptor anatagonists reduce histamine-stimulated, basal and food-stimulated gastric acid secretion in humans and animals (Parsons, 1980) . Recently, cimetidine, an H2-artagonist, was reported to decrease the incidence of stress-induced gastric ulcers in laboratory swine (Anderson et al., 1981) . Yamaguchi et al. (1981) observed that a buffering agent prevented ulcers and improved growth and feed utilization in pigs.
The objectives of this experimental series were (1) to develop a diet-induced ulcer model in swine, (2) to determine the effect of gastric ulceration on growth rate in growing-finishing swine and (3) to measure the influence of two known H2-antagonist feed additives on ulcer occurrence, growth rate and feed efficiency. Received September 28, 1984 . Accepted March 22, 1985 .
Materials and Methods

H2-Antagonists.
Histamine receptor antagonists are a class of physiologically active compounds that block the effects of histamine on the parietal cell (Black et al., 1972) . These compounds are distinguished from traditional antihistamines, Hi-antagonists, which have no effect on gastric acid secretion. Metiamide 3 (Black et al., 1973) combe et al., 1975) are two of the original H2-antagonists synthesized. Both compounds inhibit gastric acid secretion stimulated by histamine, pentagastrin, hypoglycemia and food in animals and man. Newer H 2-antagonists, such as SK&F 934794 are more potent and longer acting (Mills et al., 1981) .
Management of Animals.
Pigs were housed in a concrete-floored building with an open side having southern exposure. Pens were 18.2m 2 in area with one double-door hog feeder per pen. Upon arrival, pigs were dewormed with levamisole, treated for lice and vaccinated for erysipelas and leptospirosis. During a 2-wk prestudy acclimation phase, water and feed were provided ad libitum. During acclimation all pigs received a nonmedicated corn-soy diet (18% CP). In each study, pigs were assigned to treatments in a randomized block design. Blocks were based on average litter weight. An
algorithm was used to distribute randomly littermates among pens within each block to provide the same sex ratio and uniform pen weight when the block was completed (Goebel and Free, 1980) . Particle Size Study. One hundred sixty crossbred barrows and gilts selected for uniform weight (35 kg) were allocated to either the coarse or fine particle treatment. Each treatment consisted of eight pens with 9 or 10 pigs/pen. The same diet formulations were used in the coarse-and fine-particle diets (table 1). The coarse diet contained cracked corn such that the corn kernels were broken in but a few pieces. The fine-particle diet was ground in a hammer mill to allow greater than 80% to pass through a 1-mm screen. A grower formulation was fed during the first 49 d of the study (35 to 70 kg body weight), then a finisher formulation was offered to market weight. Feed consumption was recorded throughout the study. Pigs were weighed on d 0, 21, 49 and 77 of the study. Pigs were slaughtered as they reached a standard market weight (97 kg), as projected from the 49-to 77-d weight gain. At slaughter, stomachs were removed, washed free of ingesta, weighed and examined for ulceration. Esophageal region tissue was scored with a scale from one to six as follows: (1) normal, white tissue, (2) thickened, yellow tissue, (3) thickened yellow tissue with a less than .5 cm erosion, (4) as in 3 plus 10% of tissue eroded, (5) 50% of tissue eroded, (6) entire tissue eroded and ulcerated. During the study, pigs displaying symptoms of poor health were culled, necropsied, and the degree of gastric ulceration was assessed.
Metiarnide Study--Fine-Particle Diet. Metiamide (SK&F 92058) was evaluated as a preventative for diet-induced gastric ulceration. The fine-particle diet used in the particle size study was fed (table 1) . Metiamide was included in the diet at 5, 10, 20 or 100 ppm and was compared with a negative control. Six pens of six Yorkshire x Landrace pigs (18 kg) were assigned to each treatment. The grower diet (table 1) was fed to 50 kg body weight followed by finisher diet to study termination. Pigs were weighed and feed efficiencies were calculated on d 0, 48 and 91, and at market weight (90 kg). Pigs were necropsied at slaughter or upon culling and stomachs were scored from one to six as described previously.
SK&F 934 79 Study-Fine-Particle Diet.
Crossbred pigs were assigned to feeding programs including negative control, 6, 18, or 54 ppm SK&F 93479 in the fine particle diet (table 1) used in the two previous studies. The SK&F 93479 is at least 10 times more potent than metiamide in swine for inhibition of gastric acid secretion (T. O. Lindsey, unpublished data). Each of the four treatments was replicated seven times with 10 pigs in each pen.
Pigs were placed on study at 27 kg and were allowed to grow to 95 kg. Grower formulation (table 1) was fed from study d 0 to 49 and finisher formulation was offered thereafter. Pig weights and feed efficieneies were determined on d/0, 21, 49, 84 and at market weight. Stomachs were evaluated at slaughter as previously outlined.
SK&F 93479 Study-Practical Diet. Landrace • Yorkshire pigs (27 to 28 kg) were allocated to a dose titration study of SK&F 93479. Each treatment was comprised of seven replications with each pen having six or seven pigs. Treatments included negative control and 2, 6 or 18 ppm of SK&F 93479 in the feed. The diet was different from preceding diets in both particle size and composition (table 1) .
Dehydrated alfalfa meal was included to alter stomach content consistency. Grower formulation was fed through d 49 and a finisher formulation thereafter.
Pigs were weighed on study d 0, 21, 49, 84 and at market weight. Feed intake was measured on weigh day. As pigs reached the 90 kg market weight, they were removed from the study. The last two pigs in each pen were slaughtered when one of them reached market weight. At slaughter, stomachs were evaluated as described earlier.
Statistical Analysis. Comparisons of fixed time, market and ulceration data were made using Student's t-test. Mean square error and error degrees of freedom for each study were obtained by analysis of variance of the randomized block designs. Correlation coefficients were derived by pooling the within-pen correlations with degrees of freedom equal to the number of pigs minus two times the number of pens. Fisher's table (Snedecor and Cochran, 1967) was used in testing the hypothesis of no correlation between average daily gain and ulcer score.
Results
Particle Size Study. Growth, feed efficiency and ulcer scores for pigs on the particle size study are listed in table 2. Pigs consuming the fine-particle diet grew more rapidly (8%) and had better feed utilization efficiency (7.5%). Weights of washed stomachs were greater for pigs fed the coarse-particle diet. The mean stomach weight of pigs fed the fine-particle diet was 555.5 g, while pigs receiving the coarse diet had a mean stomach weight of 642.8 g. The greater stomach weight of pigs receiving the coarse diet was not due to body weight differences, because final live body weights were essentially the same (96.6 vs 97.8 kg) for both groups.
Ulcers were more prevalent in pigs fed the fine-particle diet. The primary lesion was located in the esophageal region of the stomach. Pigs fed the fine particle diet had an average ulcer score of 3.4 while pigs receiving coarse diet had an average score of 1.6. More pigs were culled or died in the group fed the fine-particle diet. Pigs receiving the coarse-particle diet were culled only for respiratory problems, with one instance of lameness. None of the coarsediet pigs were removed from study due to stomach pathology, as indicated by the low average ulcer score of 1.6. Culled pigs fed the altems with no standard deviations (SD) were not statistically analyzed.
**Treatment effect (P<.01).
fine particle diet had an average ulcer score of 5.0. Six of the 10 culled or dead pigs in the fine-particle treatment group were removed due to stomach ulcers.
Metiamide Study-Fine-Particle Diet. Data from metiamide comparisons is presented in table 3. Although comparisons between each metiamide level and the negative control showed no significant treatment effects, when all metiamide treatments were combined and compared with negative control, a 2.8% improvement in growth rate was noted at market weight.
In the particle size and metiamide studies, data obtained from pigs fed the fine-particle diet were used to evaluate the effect of gastric ulceration on performance. Correlation coefficients developed for each study suggest that in- creased severity of ulceration is associated with a decrease in average daily gain (table 4). In the particle size study, pigs with increased ulcer scores had lower daily gains (r = -.403, P<.01, df = 59). A significant negative correlation of --.184 (P<.05, df = 115) between ulcer scores and average daily gain also was noted for pigs receiving the fine-particle diet on the metiamide study. SK&F 93479 Study-Fine-Particle Diet. Data for SK&F 93479 comparisons in the fine-particle diet study are given in table 5. No treatment effects were noted in the study. Ulcer scores for control pigs were lower in this study than in the two previous studies in which the fine-particle diet was used (2.7 vs 3.4 and 3.0). The lower incidence of ulcers in this study may have limited the ability to detect a prophylactic drug effect or demonstrate a significant relationship between ulceration and performance (table 4).
The highest dose (54 ppm) of SK&F 93479 appeared to depress feed intake and growth rate by 4%; however, feed efficiency was similar to controls.
SK&F 93479 Study-Practical Diet. The SK&F 93479 improved feed efficiency and reduced ulcer scores in pigs fed a normal diet (table 6). Feed utilization efficiencies of pigs receiving SK&F 93479 were 3.2% better than controls (P<.05). Stomach condition was improved (P<.05) by including SK&F 93479 in the diet. Although growth rate was not significantly improved by SK&F 93479 feeding, growth in pigs receiving 18 ppm SK&F 93479 tended to be better than growth of control pigs. An SK&F 93479 dose-response was not apparent on growth, feed efficiency or ulcer scores.
Discussion
Finely ground corn in swine diets increases feed utilization by 5 to 15% over coarsely ground corn and 1 to 12% over medium ground corn (Perry, 1973) . Pelleting swine diets also improves feed utilization. However, in many instances, reduction of dietary particle size and altems with no standard deviations (SD) were not statistically analyzed.
bWhen SK&F 93479 treatments were combined and compared with control, effects (P<.05) due to SK&F 93479 were noted.
pelleting increases the incidence of gastric ulceration in the esophageal region of the pig's stomach (Lawrence, 1972) . In the present studies, reducing the particle size of the diet effectively improved growth and feed efficiency of p.igs. Because feed intake was not affected by dietary particle size, it appears that the differences in growth and feed efficiency were due to reduced digestibility of the coarse diet. The fine-particle diet also increased the incidence and severity of gastric ulcers.
Although it is generally accepted that severe gastric ulceration adversely affects swine performance , the effects of mild or chronic ulceration on performance are less well defined. could show no difference in the relative growth rate of two groups of pigs with significantly different incidence of gastric ulcers. In our studies, where the fine-particle diet appeared to enhance ulcer formation, the incidence and severity of esophageal ulcers was correlated with average daily gain. The research of Yamaguchi et al. (1981) also suggests a negative correlation between gastric ulcers and performance in swine. They found that feeding high levels of sodium polyacrylate reduced gastric ulceration with a concomitant increase in the growth rate of swine. The observation that gastric ulcers affect swine performance may account for some of the variability in performance of swine receiving finely ground corn (Perry, 1973) . If ulcers result from the feeding of finely ground diets, the benefit of particle size reduction on feed efficiency could be compromised. Conversely, control of gastric ulceration during the feeding of finely ground diets should allow a consistent improvement in swine performance.
Several factors are involved in the pathogenesis of esophageal ulcers in swine. Muggenburg et al. (1967) demonstrated that increased acid secretion induced by histamine administration will produce acute ulceration in the esophageal region of pig's stomach. However, other factors appear to be involved in the chronic ulceration observed in practical feeding situations. The nature of the chronic lesion, keratinization with ulceration, suggests constant irritation of the unprotected esophageal tissue over an extended period. The irritants may be gastric secretions as suggested by Maxwell et al. (1970) or of microbial origin (Tannock and Smith, 1970) . Readily available carbohydrates in finely ground diets increase microbial fermentation and organic acid production (Argenzio and Southworth, 1975) in the stomach of swine.
Mechanical factors also play an important role in ulcerogenesis. Diets containing coarse particles and fibrous materials are the basis for stratification of the stomach ingesta, which protects the esophageal tissue from constant exposure to high concentrations of irritants (Maxwell et al., 1970) . Increased fluidity and the mixing of gastric contents associated with feeding finely ground diets to swine allow the gastric irritants greater contact with the sensitive esophageal tissue (Maxwell et al., 1970) .
Specific blocking agents for histamine effects on the parietal cell, H2-antagonists, reduce gastric acid secretion in humans and are used as therapeutic and prophylactic agents in duodenal and gastric ulceration (Parsons, 1980) . Observations in our laboratories have shown that H2-antagonists reduce histamine and meal-stimulated acid secretion in swine (Lindsey et al., 1983) . Therefore, H 2 -antagonists could potentially prevent diet-induced ulcers in pigs by reducing gastric acid secretion.
Metiamide and SK&F 93479 were evaluated as feed additives for prophylaxis of esophagogastric ulcers in pigs. When fine-particle diets were fed, neither compound reduced the incidence or severity of ulcers (tables 3 and 5). However, SK&F 93479 improved ulcer scores and feed utilization when fed in a corn-soy diet with fiber inclusion (table 6). Anderson et al. (1981) found that the addition of the H 2-antagonist, cimetidine, to the drinking water of laboratory swine prevented esophageal ulceration caused by environmental (restraint) stress. The apparent differences in the ability of these H 2-antagonists to control esophageal ulceration in swine under different circumstances can be explained by the different etiology of each situation and relative amount of H 2-antagonist activity administered. The stress-induced ulcers in laboratory swine (Anderson et al., 1981) were caused by excessive acid secretion, which responded well to high doses (15 mg'kg -1 BW'd -1) of cimetidine administered. The lack of a beneficial H2-antagonist response in the fine particle size diets suggests that factors other than excessive acid secretion are responsible for ulceration and supports the concept of microbial (Tannock and Smith, 1970) and(or) mechanical (Maxwell et al., 1970) involvement in the ulcerogenic process. Feeding 54 ppm of the more potent H2-antagonist, SK&F 93479, resulted in reduced growth without improving ulcer scores. Therefore it seems improbable that higher levels of more potent H2-antagonist will be beneficial in connection with fine-particle diets. The diet fed in the final study provided particle size and fiber inclusion, which is more conducive to the stratification of stomach contents. Ingesta stratification with reduced acid secretion induced by SK&F 93479 addition effectively reduced the challenge to the esophageal tissue and thus reduced ulceration. From these observations, it appears that H2-antagonists may reduce the incidence and severity of esophageal ulceration when pigs receive a practical diet, but have limited application when finely ground diets are fed.
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